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Summary 
A STUDY of mixtures for irrigated pastures carried on through eleven grazing 
.l"l..seasons on the Dairy Experimental Farm of the Utah Agricultural Experi-
ment Station has led to the following conclusions: 
• For maximum annual yields of palatable forage on fertile , well-drained 
land with rotation or strip grazing, the following mixture exceeded the 
widely used standard number 1 by 56 percent in a 5-year test. 
Long-
lived 
components 
Short-
lived 
components 
Pounds 
per acre 
Ranger alfalfa ____________ ___ ____ _______ __ __ 3 
Certified ladino clover ________________ 2 
Orchardgrass ____________ ____ ________________ 3 
Southern type brome ___________ _______ 4 
Reed canary ___________________ _______________ 3 
Red clover _____________________ _______ ________ 3 
Groated tall oatgrass ____ _________ _____ 3 
TOTAL _________________ ___ ____________________ 21 
• Under the conditions of this study yields increase as the number of pro-
ductive species in the mixture is increased. Our data, therefore, do not 
support the world-wide movement toward simple mixtures (one or two 
grasses with one or two legumes). 
• Legumes contribute more to yield than do grasses, therefore, the mix-
ture should contain as high a percentage of legumes as can be efficiently 
managed without danger of bloat. This appears to be 50 to 60 percent. 
• Within the range of species that are acceptable, when the components 
of a mixture differ markedly in palatability the grazing animal will try 
to avoid the least palatable species. Under continuous grazing the least 
palatable species remain almost un grazed. They rather quickly come 
to dominate the pasture. Under rotation grazing this shift is slower, and 
with ration grazing it is possible to get a high percentage utilization of 
all components with the sward remaining relatively stable. 
• Tall fescue (variety Alta) is widely adapted and high yielding based 
on mowed swaths, but not acceptable to milking cows when other choices 
are available. It is not recommended to dairymen of Utah and surround-
ing areas except under conditions where species in the mixture recom-
mended above will not grow; particularly where salinity is high. 
• Dairymen are advised to plant a single mixture rather than special mix-
tures for pasture, hay, or silage. This should be the one which gives 
highest yearly yields of high quality forage. Where adequate irrigation 
1 
water is available the recommended mixture will produce high quality 
hay equal in yield to alfalfa alone; it will afford silage or pasturage when 
needed, and contribute markedly to soil improvement. 
• Red clover and tall oatgrass are recommended as a one-year pasture. 
They should be seeded with a companion crop of barley taken through 
to grain, grazed the following year, and turned under. They are the 
short-lived components of the recommended mixture and in use balance 
each other and yield a safe proportion of grasses to legumes. 
• Ranger alfalfa is more productive than ladino clover but the two to-
gether are superior to either alone. 
• Orchard is more productive than brome but the two together are su-
perior to either alone. 
• The potential productivity of reed canary, relative to orchard and brome, 
was not determined. 
• Farmers who have fertile soil and adequate irrigation water, and who 
will manage intelligently are advised to seed their pastures in early 
spring with a companion crop of barley at 50 pounds per acre, taken 
through to grain. 
• The companion crop can be grazed periodically during the seeding year, 
and the pasture will yield slightly more the first grazing season than if 
the companion crop were taken through to grain. However, the grain 
crop is worth considerably more than the extra forage obtained. 
• Species which were low yielding on well drained irrigated land include 
Kentucky bluegrass, meadow fescue, meadow foxtail, perennial ryegrass, 
Italian ryegrass, common white clover (several sources tested), alsike 
clover, strawberry clover, white sweet clover, and yellow sweet clover. 
• For land too wet for alfalfa preliminary observations suggest reed canary 
and strawberry clover as the starting point. 
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GRASS-LEGUME MIXTURES FOR 
IRRIGATED PASTURES FOR DAIRY CATTLE 
George Q. Bateman and Wesley Keller 
Introduction 
P ASTURES have been important in the agricultural economy of the 
Intermountain Region. But as long 
as nearby valley bottom or other land 
not well suited for cultivation was 
available, the pressure for better ir-
rigated pastures remained secondary 
to that for improved cash crops. 
Only in recent years have dairymen 
generally realized that a productive 
herd, coupled with proper manage-
ment, could make a good pasture a 
highly profitable crop. Bateman and 
Packer pointed out in 1945 this con-
cept of pastures. Bateman et al. using 
newer mixtures strikingly verified the 
concept in 1949 and 1954. The grow-
ing awareness of the value of pas-
tures when established on the most 
productive soils gave rise to the need 
for further studies to make available 
the most pl'oductive pasture mixtures. 
From the beginning Kentucky blue-
grass has been the central species 
around which seeded pastures have 
been built. This was because of its 
ability to .survive under the prevail-
ing system of continuous close graz-
ing. As early as 1894 Sanborn re-
ported that Kentucky bluegrass was 
a low producer in Utah, tall oat and 
alfalfa high producers, and a mixture 
of grasses and legumes better than 
either alone. In 1902 French recom-
mended mixtures lacking Kentucky 
bluegrass. In 1914 Welch reported 
on mixtures which led him in 1917 to 
regard Kentucky bluegrass as a low 
3 
producer. In a recent study Jackobs 
(1952) reconfirmed the low produc-
tivity of Kentucky bluegrass in a ro-
tationally grazed irrigated pasture. 
Hanson (1924) reported on a study 
of 3 mixtures on the basis of which 
he recommended a fourth which be-
came widely known as the Huntley 
mixture. Kopland et al. (1954) re-
port the Huntley mixture superior to 
several simple mixtures which they 
tested in more recent studies at the 
Huntley station. In Utah and adjac-
ent parts of the Intermountain Reg-
ion a slight modification of the Hunt-
ley mixture, called standard number 
1 (mixture 26 in this study) , became 
extensively used, almost to the ex-
clusion of all others for irrigated 
land. This situation prevailed from 
the late 1920's until 1946. This mix-
ture consisted of Kentucky bluegrass 
4 pounds, meadow fescue 3 pounds, 
orchard grass 3 pounds, smooth brome 
4 pounds, perennial rye grass 3 pounds, 
white clover 2 pounds, and alsike 
clover 3 pounds per acre. Under con-
tinuous close grazing with no supple-
mental fertilizer , in conformance with 
prevailing practices, this mixture re-
verted in a few years to Kentucky 
bluegrass and white clover. The clo-
ver was reduced to low productivity, 
or lost if irrigations were not regular. 
The establishment of more produc-
tive pastures under irrigation has been 
a rather slow process because it has 
involved moving pastures on to the 
better farm lands and applying a 
completely different concept of pas-
ture management - rotation grazing. 
As early as 1913 Harris emphasized 
the need for better management of 
pastures, making this significant state-
ment: "If Utah farmers will use prop-
er judgment in selecting land and 
grasses, and will care for their pas-
tures after they are planted, there can 
be no doubt that the agriculture of 
the state will be improved by the 
planting of more pastures even on ex-
pensive irrigated land." He recom-
mended fertilization of pastures, har-
rowing to spread droppings, mowing 
to control weeds, and rotation graz-
ing. This sound advice was not wide-
ly heeded because the mixtures cur-
rently recommended (his included 12 
pounds Kentucky bluegrass) were not 
capable of either maximum yields or 
a significant response to rotation graz-
ing. 
A number of studies have been 
conducted to determine the relative 
value of rotation and continuous graz-
ing (Salter et al. 1930, Holdaway and 
Pratt 1933, Comfort and Brown 1934, 
Hodgson et al. 1934, Hein and Cook 
1937, Woodward et al. 1938, Mayton 
et al. 1947, and Harrison et ale 
1948) but the results have generally 
been unimpressive. N one of the 
studies was carried out under irriga-
tion, and the mixtures used were pri-
marily of species capable of with-
standing continuous close grazing. 
Pastures containing a mixture of tall 
and low growing grasses and legumes 
lose the tall growing ones (most pro-
ductive) when subjected to continu-
ous grazing. Thus the survival of 
4 
high yielding species, through rota-
tion grazing, and not the superiority 
of rotation grazing as such, has been 
responsible for its widespread adop-
tion. 
In recent years a refinement of ro-
tation grazing has added still more 
to the productivity of pastures. This 
system, known as strip grazing (also 
called close folding and ration graz-
ing) makes use of an electric wire to 
provide the grazing herd with an 
area which, heavily stocked, is com-
pletely utilized in one day. Procter 
et al. (1950) , Holmes (1952) , Holmes 
et al. (1952), de Ceus and 't Hart 
(1952 ),andPetersonandOsterli( 1953) 
all report significant gains from strip 
over rotation grazing. Rotation graz-
ing permits the most productive spec-
ies to survive and make vigorous 
growth when compared with continu-
ous grazing. In contrast, the advan-
tage of strip grazing over rotation 
grazing is not related so much to the 
physiology of the plants but rather 
to the efficiency with which the graz-
ing animal can utilize the available 
forage. Holmes (1954) states that for 
best results rotation grazing is re-
quired and strip grazing is desirable. 
This bulletin reports the results of 
a series of pasture mixture studies on 
which brief reports of a preliminary 
nature have been issued from time to 
time (Keller et ale 1945, 1947a, 1947b). 
They were undertaken when the sen-
ior author found that both alfalfa 
for hay and corn for silage were 
producing more nutrients per acre 
than well managed pasture of mixture 
number 26. 
Physical Facilities 
T HE pasture research reported in this publication was conducted 
at the Dairy Experimental Farm of 
the Utah Agricultural Experiment 
Station, at North Logan, at an eleva-
tion of 4535 feet. The facilities for 
research at the farm are 175 acres of 
irrigated land with a water right that 
insures an adequate water supply 
throughout the growing season, April 
1 to October 30. The herd of dairy 
cows available for grazing ranged 
from 35 to 75 head during the study. 
The pasture mixtures were seeded on 
a deep calcareous Millville loam soil 
and grazed with the milking herd. 
The soil was kept in a relatively high 
state of fertility by the use of ma-
nure and phosphate fertilizers. Ma-
nure applications averaged 5 tons per 
acre per year and treble superphos-
phate 87 pounds per acre per year 
(Bateman and Packer 1945). The 
plots were harrowed as needed to 
break up and distribute droppings. 
The growing and winter periods of 
7 and 5 months have a range in tem-
perature from a high of approximate-
ly 96°F. in the summer to a low of 
approximately 25°F. below zero in the 
winter. The average annual precipi-
tation is approximately 16.5 inches, 
half of which comes as rain during 
the growing season. A high percent-
age of the summer rain falls during 
April, May, and the fore part of June; 
July and August are warm and dry. 
The average pasture season of 173 
days extends from April 20 to Octob-
er 10, and the average frost-free pe-
riod is 137 days. 
Materials and Methods 
Establishment 
The first experimental pasture mix-
tures seeded in April 1943 consisted 
of 3 studies designated experiments 
A, B, and C. 
Experiment A consisted of 36 mix-
tures in plots 25 feet square, repli-
cated 6 times. It was on well drained 
land. The 36 mixtures included 8 
grasses and 8 legumes in different 
combinations. 
Experiment B contained 25 mix-
tures in plots 13 x 16 feet, replicated 
3 times. It was located next to ex-
periment A, on the wetter area. The 
25 mixtures included 10 grasses and 
8 legumes. 
Experiment C contained 100 mix-
hues in plots 8 x 10 feet, replicated 
5 
3 times. This was an attempt to com-
pare strains of different species, for 
the most part available only in small 
quantities of seed. This material con-
sisted of 51 lots of grass, representing 
10 species, and 47 lots of legumes, 
representing 13 species. To make 
the most of this material, each grass 
was added to a basic legume mixture, 
and each legume to a basic grass mix-
ture. This provided an arrangement 
whereby each grass and each legume 
could be compared directly with oth-
ers of their kind. 
Experiment D was seeded in April 
1946, and included 32 mixtures in 
plots 22.5 feet square, replicated 12 
times. Aside from 2 mixtures used 
as checks, experiment D included 5 
grasses and 6 legumes, mostly the 
ones which, on the basis of 2 years' 
data, appeared superior in experi-
ments A and B. 
The method of preparing the seed 
for planting was similar for all stud-
ies. Seed for each plot was weighed 
in grams and mixed with mill run 
(bran or shorts) by hand. The bulk 
was built up to about a quart for 
plots 25 feet square, and proportion-
ately less for smaller plots. After 
hand mixing, the material was put 
twice through a mechanical divider 
further to insure uniform mixing, and 
packaged in kraft grocery bags. 
The plots were either marked off 
with a wheel hoe or with cotton 
twine, and the mixtures broadcast by 
hand. The mill run showed up plain-
lyon the soil surface and aided ma-
terially, aside from providing bulk, 
in uniformly distributing the seed. 
After broadcasting all the mixtures in 
1943, the entire field was drilled to 
barley at approximately 60 pounds 
per acre. The soil was disturbed 
enough by this operation to cover 
much of the pasture seed. 
In the 1946 seeding the barley was 
drilled first, at 50 pounds per acre, 
and the land cultipacked to firm the 
soil after the pasture mixtures had 
been broadcast. The barley, which 
was drilled into moisture, emerged 
promptly, but the pasture seeds, near 
the surface, lay dormant in dry soil 
during a month of rainless weather. 
The field was finally irrigated, and 
this, with subsequent rains resulted 
in excellent stands of nearly all spec-
ies. Notable exceptions were alsike 
clover and reed canary. During the 
seeding year the 12 replications were 
regarded as a split plot design. Six 
replications located at random were 
6 
taken through to grain and 6 were 
grazed twice. After the barley was 
removed the entire field was grazed 
once. 
Additional studies E, F, G, and H, 
which were established in 1950-54, 
are not a part of this paper. How-
ever, they contribute information on 
the use of a companion crop and on 
milk production from pastures which 
will be referred to later. 
Management 
Plots were grazed three times dur-
ing each of the first three years (1944-
46) and four thereafter. In addition, 
there was a clean-up grazing at the 
close of each growing season. A 
herd of approximately 30 milking 
Holsteins grazed the pastures. Be-
cause some mixtures in experiments 
A, B, and C were not well utilized 
by the milking herd, dry stock fol-
lowed them. To reduce the time dur-
ing which any plot was exposed to 
grazing, the field containing experi-
ments A, B, and C was divided with 
an electric wire and grazed half at 
a time. The grazings, preceded by 
mowed yield determinations, were 
spaced on the average 48 days apart 
during 1944-46, but the effective re-
covery interval during these years 
was probably about 42 days because 
of the management employed. Be-
ginning in 1947 smaller units were 
used, approximating strip grazing, 
and the average time between graz-
ing was 38 days, with about 35 days 
for recovery. These recovery inter-
vals are on the long side of the range 
of 2 to 5 weeks reported by Peter-
son and Hagan (1953) in which 4 
mixtures each yielded more per sea-
son at 5-week harvest intervals than 
from more frequent harvests. 
Irrigations were 10 to 30 days 
apart, depending on the time of year, 
and totaled 7 to 8 per season. A p-
proximately 3 to 4 inches of water 
were applied per irrigation. Cows 
were never allowed on the plots when 
the soil was wet enough, either from 
irrigation or rains, to cause compac-
tion or injury to the plants. At 
the conclusion of each grazing if the 
plots had not been well utilized 
the surplus was mowed and raked off. 
This gave all plots an equal start, 
except that the most palatable mix-
tures were generally grazed closer 
than when mowed. 
Sampling 
Prior to each grazing (except the 
clean-up grazing at the close of each 
growing season) a swath was mowed 
across each plot and green weight 
yields determined. From 1944 to 
1948, inclusive, this mowed swath 
was 4.92 feet wide, except that a 28-
inch swath was harvested from ex-
periment C beginning in 1945. Be-
ginning in 1949 a 28-inch swath was 
taken from all plots. 
When these studies were set up it 
was considered important to defoliate 
the plants primarily by grazing, and 
as little as possible by mowing. The 
plots were thus made square or ap-
proximately square and the successive 
mowed swaths during any season 
taken from different parts of the plot 
so that no plants would be mowed 
twice in a single season. Since the 
effects of mowing are rather closely 
approximated by grazing under 
heavy stocking rates, this precaution 
was probably unnecessary. Wagner 
7 
et al. (1950) reported the mower strip 
method to be more reliable than 
4 x 4 foot cages. Cages would not 
have been practical in the present 
study because of the large number of 
plots. 
Discussing the palatability and nu-
tritive value of herbage plants Stapel-
don (1947) has pointed out that, "In 
the last resort the only valid evidence 
is the health and productive capacity 
(as meat or milk) of the animals ... . " 
While this imposes a definite limita-
tion on clipping data, individual plots 
in a pasture mixture study are far too 
small to be grazed separately. The 
mowed swath is a practical solution. 
Bateman et al. (1949) have presented 
data which indicate that the new mix-
tures are more productive in yield of 
milk and butterfat per acre than mix-
ture 26. Unpublished data from one 
recommended mixture indicate good 
agreement between results from graz-
ing and expectation based on mowed 
swaths. 
To the extent that mixtures differ 
in nutritional value, mowed swaths 
will always be subject to error. In 
complex mixtures that error is likely 
to be less than with simple mixtures. 
Where a high degree of utilization is 
obtained in a single day, as with strip 
grazing, there is little reason to doubt 
the reliability of the mower strip 
method for providing a measure of 
the bulk of forage harvested by the 
grazing animal. 
At various times during the study 
samples were obtained for determina-
tion of percent dry matter and per-
cent legumes. Samples taken in 1945 
were hand picked from the total of 
the mowed swath. All later samples 
were obtained by using a partition 
on the mower pan, such that a seg-
ment of the mowed swath 9 inches 
wide was isolated. This sample was 
considered much superior to that ob-
tained by hand picking from the to-
tal. All samples collected in the field 
were placed directly into one-sixth 
barrel kraft paper bags. To deter-
mine percent legumes the sample was 
first thoroughly mixed. Legumes and 
grasses were then segregated and the 
components weighed. In the earlier 
separations 10 minutes were allowed 
per sample, but later 5 minutes were 
considered adequate. Sprague and 
Myers (1945) reported that botanical 
separations were more reliable than 
determinations based on the inclined 
point quadrat method. They found 
that errors surrounding the latter 
method were not consistent, so that 
reliability could not be improved by 
the use of a correction factor. 
If dry weights were also desired 
the whole sample was first weighed, 
and the separations returned to the 
original for drying. A large plant 
drier was used. It was capable of 
holding all of the samples collected 
from either experiment A or D at any 
one harvest. It used forced air heat-
ed to 60 degrees centigrade or high-
er at the place of entry. 
Results 
Green versus dry weights 
On several occasions samples were 
obtained as described earlier, from 
experiments A and D, to compare 
dry-weight with green-weight yields. 
The correlations obtained are pre-
sented in table 1. Green-weight yields 
agreed closely with dry-weight yields 
when the latter were based on a 
sample taken from the bulk making ~ 
up the green-weight determination. 
The relation of the 4 combined har-
vests of 1949 from experiment D is 
presented in figure 1. Green and 
dry-weight yields were in particularly 
close agreement for the higher yield-
ing mixtures. Legumes of the ladino 
clover type are particularly low in 
percent dry matter, and legumes gen-
erally tend to be lower than grasses. 
Thus, if mixtures being compared dif-
are to be made. A significant corre-
lation coefficient of -.623 was ob-
fer considerably in percent legumes, 
green-weight yields favor the mixture 
with the higher legume content. 
These differences can be taken into 
consideration if critical comparisons 
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Fig. 1. Relation between pounds green 
weight of a 28-inch mowed swath and 
pounds dry weight based on a 9-inch seg-
ment of the mowed swath. Each dot rep-
resents a mean of 48 values obtained for 
each mixture in experiment D (four 
harvests of 12 replications) during 1949. 
These data yielded a highly significant 
correlation coefficient of + .914 
Table 1. The relation between green and dry weight yields when the latter are based 
on samples (segments) taken from the former 
Correlations based on 
Experiment Year Harvest Means (36 pairs) Single plots (216 ~airs) 
A 1945 First + .956 
A 1947 First + .946 0 
A 1949 First + .915 + .819 
Second + .855 + .756 
Third + .835 + .727 
All three + .912 
(32 pairs) (384 pairs) 
D 1948 All four + .836 
D 1949 First + .977 + .970 
Second + .724 + .818 
Third + .912 + .887 
Fourth + .947 
All four + .914 
o 15 pairs only. 
All values exceed the 1 percent level of significance. 
tained between percent legumes and 
percent dry-matter from 15 mixtures 
of experiment A during 1947. 
Palatability 
The palatability of a species is rec-
ognized as being relative rather than 
absolute. Palatability is influenced 
by the abundance of a species, as well 
as by the abundance and variety of 
other choices available to the grazing 
animal. Grazing animals generally 
prefer young growth to older, but 
the rate of decline in palatability 
with age varies greatly for the differ-
ent species. 
Even though palatability is a high-
ly relative characteristic, it is possible, 
on the basis of observation of the 
grazing herd, to classify plants as to 
their relative palatability. Such a 
classification is presented in table 2, 
based on repeated observation of the 
9 
milking herd as they grazed experi-
ments A, B, C, or D during a 10-year 
period. Under different circumstances 
a somewhat different classification 
might be obtained, although our ob-
servations and those of J ackobs (1952) 
are in general agreement. 
Palatability is considered to be im-
portant for two reasons only: (1) the 
forage must be sufficiently palatable 
to be acceptable to the grazing ani-
mal, and (2) the various components 
of a mixture must be utilized to such 
an extent that they can be main-
tained in proper balance with one an-
other throughout the life of the pas-
ture. Species low in palatability, rel-
ative to others in the mixture, tend to 
increase with time in response to dif-
ferential grazing. Under the heavy 
stocking rates associated with strip 
grazing, animals have less opportun-
ity to graze selectively than when 
Table 2. Relative palatability of grasses and legumes as observed over a lO-year 
period during the grazing of experiments A, B, C, or D 
Palatability 
Very high 
High 
Moderate 
Grasses 
Smooth brome 
Tall oat 
Reed canary 
Orchard 
Legumes 
L adino clover 
Strawberry clover 
White clover 
Alsike clover 
Kentucky bluegrass 
Meadow fescue 
Meadow foxtail 
Red clover 
Alfalfa 
Low Perennial rye grass \ iVhite sweet clover 
YeIlow sweet clover 
Very low Tall fescue 
In g neral, the milking herd had access to most of the species at each grazing, although 
white and yellow sweet clover w re available only during 1944 
lighter stocking rates are used. Hence, 
strip grazing provides better utiliza-
tion of the less palatable components 
of the mixture and retards their dom-
inance of the pasture. 
The use of a companion crop 
There appears to be a general re-
luctance on the part of pasture in-
vestigators to recommend the use of 
a companion crop in establishing pas-
tures (Hamilton et al. 1945, Klages 
et al. 1948, Robertson et al. 1950, Stat-
en et al. 1951, Lang and Burzlaff 
1953). Average results probably war-
rant this hesitancy. However, it has 
been frequently demonstrated on the 
Dairy Experimental Farm that under 
proper management a companion 
crop is highly profitable. In the 
establishment of experiments A, B, 
and C in 1943 the companion crop 
seeded at 60 pounds per acre yielded 
80 bushels of barley per acre, ranging 
from 100 bushels on the north to 60 
on the south where experiment B was 
10 
located. The heavy yield on the 
north was associated with poorer pas-
ture establishment. This was attrib-
uted primarily to a too loose seedbed 
and in lesser degree to the heavy 
growth of the barley. 
Bateman and Keller (1952) have 
reported that the companion crop 
grown with experiment D yielded 68 
bushels barley per acre having a total 
digestible nutrient (TDN) value of 
2952 pounds, plus 3644 pounds straw. 
The grazed replications yielded 1078 
pounds TDN per acre. In the first 
regular grazing season the plots 
grazed the year before yielded 450 
pounds more TDN per acre than 
those taken through to grain, after 
which there was no difference. These 
data are in agreement with reports 
by Levy ( 1945) and Davies and 
Christian (1945) that pastures could 
be established by periodic grazing 
of the companion crop, and that un-
der this management they would 
reach maximum production a year 
earlier than if not grazed during the 
seeding year. However, the above 
figures show an advantage of 1874 
pounds TDN plus the straw, from 
carrying the companion crop through 
to grain. Both methods led to excel-
lent stands of nearly all species. The 
problem farmers face is to seed a 
companion crop of their choosing or 
contend with one of weeds. While 
weeds can be mowed to hold them in 
check, the labor yields no profit. 
Experiments E , F , G, and H (not 
reported here) give additional infor-
mation on the use of a companion 
crop in pasture establishment. In 
each case barley was seeded at ap-
proximately 50 pounds per acre. In 
1950, experiment E on 5.67 acres 
yielded 79 bushels barley per acre 
and the next year 8212 pounds of 4 
percent fat corrected (FC) milk. The 
grazing herd average approximately 
10,900 pounds 4 percent FC milk 
per year. In 1951 experiment F was 
seeded on 8.26 acres. In 1952 this 
pasture yielded 8728 pounds 4 per-
cent F C milk. Experiments G and 
H , seeded in 1954, also gave high 
yields of barley and comparable first 
year milk production. Each of these 
fields was irrigated twice after re-
moval of the barley and provided 
considerable late fall grazing the 
same year. 
All these data indicate that where 
there is high fertility , adequate irri-
gation water, and good management, 
a companion crop is highly profit-
able. 
A companion crop undoubtedly of· 
fers competition to the young pasture 
plants for nutrients, light, and mois-
ture, although Stapledon (1949) re-
ported that the ryegrasses are more 
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aggressi ve towards other grasses than 
is a c(~real cover crop. Scheijgrond 
and Sonneveld ( 1954) also report 
that ryegrasses are highly aggressive 
towards other species in a mixture. 
J ackobs' (1952) data support the idea 
that perennial ryegrass is much more 
competitive against alfalfa than is tall 
oatgrass, both being short-lived, rap-
idly developing species . 
Legu mes versus gra sses 
Over many years there has been 
general agreement that pastures 
should consist of both grasses and 
legumes. The legumes, by virtue of 
their ability to cooperate with bac-
teria which fix atmospheric nitrogen, 
help to supply soil fertility. Further-
more, legumes are characteristically 
richer in nitrogen and calcium than 
are grasses, and hence contribute to 
the nutritional quality of the forage. 
Experiment C, harvested 3 times a 
year for 3 years, affords an interest-
ing view of the relative productivity 
of grasses and legumes under the con-
ditions of this study. The species and 
strains sown in experiment C , along 
with the basic mixtures used are list-
ed in table 3. The three-year mean 
yields are presented in figures 2 and 
3. Note that the basic legume mix-
ture with no grass added yielded 
nearly twice as much as the basic 
grass mixture with no legume added. 
Other high yielding mixtures were 
primarily those containing a highly 
productive legume. These data are 
in agreement with Anderson and 
Neal-Smith (1951) that the total yield 
of mixed pastures was determined 
primarily by the legume component. 
J ackobs' (1952) data also support this 
interpretation. At a relatively high 
Table 3. Grass and legume species and the number of strains of each seeded in 
experiment C April 28, 1943, by broadcasting plots 8 x 10 feet replicated 3 times 
Number of 
Grass species strains 
Brome 15 
Orchard 10 
Meadow fescue 7 
Perennial ryegrass 4 
Kentucky bluegrass 4 
Meadow foxtail 3 
Timothy 3 
Creeping red fescue 2 
Tall oat 2 
Reed canary 1 
Total number of grasses 51 
Basic legume mixture 
Species 
Alsike clover 
Ladino clover 
White clover 
Red clover 
Birdsfoot trefoil 
Totaling 5 lbs. per acre 
Rate 
per acre 
pounds 
1 
1 
1 
1 
1 
Number of 
Legume species strains 
White clover 17 
Ladino 7 
Strawberry clover 5 
Birdsfoot trefoil 5 
Red clover 4 
Sweet dover 2 
Alfalfa 1 
Alsike clover 1 
Miscellaneous 5 
Total number of legumes 47 
Basic grass mixture 
Species 
Brome 
Orchard 
Kentucky bluegrass 
Meadow fescue 
Tall oat 
Meadow foxtail 
Perennial ryegrass 
Totaling 18 Ibs. per acre 
Rate 
per acre 
pounds 
2.9 
2.3 
1.7 
2.3 
4.3 
2.3 
2.3 
Each grass strain was added to the basic legume mixture and each legume strain to the 
basic grass mixture listed here. The seeding rate for the single grasses and legumes which 
were added to the basic mixtures was the same as indicated in experiment A when only one 
grass or legume is used. 
fertility level (60 to 100 bushels bar-
ley per acre when seeded at 60 
pounds per acre) but without the 
use of a commercial nitrogen -ferti-
lizer, the legumes have obviously 
demonstrated a greater yielding po-
tential than the grasses. It would 
thus appear that in ReId practice le-
gumes should constitute as high a 
percentage of the total herbage as 
can be managed safely, relative to 
bloat. 
Mixtures which increased from 15 
to 70 percent legumes during the 
12 
season, with an average of approxi-
mately 50 percent, were grazed with-
out evidence of bloat during the lat-
ter part of the season by allowing the 
forage to become more mature and 
by restricting the area grazed. Refer-
ence to percent legumes in this bul-
letin is based on green weight deter-
minations. Percent legumes based on 
dry weight would generally be a 
little lower and slightly more ac-
curate. Visual estimates of percent 
legumes might involve a large error. 
Under many conditions in the hu-
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Fig. 2. Yield of single grass strains in combination with the basic legume mixture. 
Most of the yields are well above yields of the basic grass mixture alone (extreme 
right), approaching that of the basic legume mixture alone (extreme left). Each 
column is a mean of 27 values (3 harvests of 3 replications over a 3-year period) 
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Fig. 3. Yields of single legume strains added to the basic grass mixture. The yields 
appear to be much more dependent on the legume component than are yields of fig. 2 
dependent on the grass component. Note also that the basic legume mixture alone 
(extreme left) has yielded far more than the basic grass mixture alone (extreme 
right). Each column is a mean of 27 values (3 harvests of 3 replications over a 
3-year period) 
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Table 4. The combinations of grasses and legumes making 
in pounds per acre 
MIXTURE 
Species 
1 1 2 13 4 ~ 6 I 7 8 ~ 10 11 ~~ 14 15 1 16 
4 20 20~ 20 10 ' 20 
-or-Ch-ard- -
1
-
5
3 i ,1 16 ~-= ,, 16 16 _ 8
1
,-
Brome 
Meadow fescue 
3 11--r----t~---'-----r­
-M-e-ad-O-W-f-ox-ta-i1-~--:',- 16- 11--
1
-
1
- _,,--=1-=-=-12 =="==-=11 
Kentucky blue "/ 
Perennial rye 
White clover ----,- r---~1_4 i-----,-----~-4 --i-Alsike clover 
_Sw_ee_t _ clc_Jve_r _1+
1
1
- 4 -=4 ==4 =;: -4 4,_1- 4 ___ 11= Ladino clover -t ., 
The seed was broadcast April 17, 1943, in plots 25 feet square, replicated 6 times. 
mid East there is considerable diffi-
culty in maintaining legumes in pas-
tures. Under such conditions high 
yields have been obtained from grass 
alone, when given heavy applications 
of nitrogen. Blaser et al. (1952a) go 
so far as to state, "Although it is not 
generally acknowledged, grasses 
alone, when adequately fertilized, are 
more productive than grass-legume 
mixtures." Under irrigation Jackobs 
( 1952) obtained higher yields from 
grass-legume mixtures than from grass 
alone, regardless of fertilizer treat-
ment, although his maximum nitrogen 
application was 80 pounds nitrogen 
per acre. Wagner (1954) reported 
that at Beltsville, Maryland, applica-
tions of commercial nitrogen up to 
240 pounds nitrogen an acre gave 
grass yields only slightly below grass-
ladino clover mixtures. He found the 
mixtures less weedy and more uni-
formly productive throughout the 
up the 36 mixtures of experiment A, together with seeding rate 
for each component 
NUMBEH 
17 ~ 19 2° 121 T 24 25 26 27 28 29 SO SI 32 r3 1 34~36 - ------
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- -
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S -I IW - I- S 16 
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-I I S I 5 
- _ .. 
--
season. Holmes (1954) reports that 
grasses respond in yield almost linear-
ly up to 300 pounds nitrogen per acre, 
but that a sward rich in clover could 
contribute the equivalent of 150 to 
200 pounds nitrogen in terms of dry 
matter produced, and more in terms 
of protein. 
It is characteristic of grass-legume 
pastures under irrigation that they re-
spond generously to phosphate fer-
tilization, and to a combination of 
15 
12 12 8 5 1 
I 
I 
4 4 2 
,-
2 
,-
2 
I--
4 2 4 
5 5 
I--
4 
~I 2 1 
phosphate and manure. Bateman 
(1940) obtained an average increase 
of 63.8 percent in yield over a 5-year 
period from one application of 600 
pounds treble superphosphate. In a 
later study (1943) he reports an in-
crease the firs t year of 95.7 percent 
from the application of 6.8 tons ma-
nure directly from the sheds, contain-
ing a high percentage of the liquid 
portion, plus 200 pounds treble super-
phosphate. Bateman (1940) recom-
Table 5. Yield per year from the 36 mixtures of experiment A, and the 6-year 
mean yield 
Tons green weight per acre 
Mix. 1944 1945 1946 1947 1948 1949 Mean 
22 14.52 19.53 12.27 12.40 13.44 16.65 14.81 
5 9.35 14.47 12.69 14.01 13.16 16.81 13.46 
27 8 .. 39 14.86 12.36 10.70 12.43 13.02 11.95 
15 8.80 14.15 11.35 9.44 11.09 13.85 11.46 
16 7.97 13.80 10.21 9.07 10.32 12.64 10.66 
6 8.31 12.73 9.74 8.66 9.60 11.69 10.11 
8 8.59 13.05 11.10 8.02 8.87 10.96 10.09 
34 14.63 16.43 8.57 5.42 6.94 8.39 10.06 
12 8.06 11.92 9.00 8.87 9.93 11.49 9.88 
36 11.87 14.84 8.41 6.55 7.70 9.58 9.83 
3 8.34 11.90 9.78 7.83 8.87 10.64 9.56 
25 8.41 12.82 10.24 7.69 7.88 10.04 9.51 
32 12.17 8.89 6.89 8.29 9.60 9.17 
11 8.32 13.78 10.20 6.11 7.51 9.00 9.16 
10 9.44 12.64 10.06 5.83 6.96 9.42 9.07 
7 7.28 10.87 10.64 7.30 8.32 9.56 9.00 
33 9.99 12.11 7.95 6.73 7.42 9.03 8.87 
18 6.71 11.17 9.51 7.46 8.11 9.51 8.75 
14 6.99 12.70 9.42 5.93 6.76 9.17 8.50 
1 11.05 9.70 7.53 5.93 7.01 8.57 8.31 
30 6.92 11.02 9.44 5.74 6.94 8.68 8.13 
21 8.89 7.83 7.14 6.20 7.97 7.86 7.65 
31 7.07 10.43 8.11 5.33 5.97 8.00 7.49 
26 7.61 8.43 7.79 5.97 6.32 8.09 7.37 
12 9.03 7.38 7.19 4.60 6.53 7.17 6.99 
24 6.69 7.76 6.11 6.91 7.37 6.96 
20 5.54 5.91 9.76 5.99 7.46 6.73 6.91 
17 9.62 8.04 7.15 5.06 5.21 6.00 6.85 
2 8.48 7.21 5.01 5.38 6.32 6.48 
35 5.61 3.90 8.09 6.53 7.26 7.08 6.41 
19 7.35 7.23 5.44 5.47 5.91 6.29 
4 5.12 6.34 4.87 5.86 8.23 6.09 
9 5.93 6.80 4.23 5.37 6.18 5.70 
28 6.22 6.23 3.72 4.73 6.22 5.42 
23 5.76 6.89 3.44 4.75 6.16 5.40 
29 5.61 5.21 2.76 4.02 6.18 4.76 
------------
----------------------------------------------------------------------
Sig. cliff. 
1 % level 2.85 3.02 2.15 2.30 2.32 2.69 1.87 
Mean yield 
8.85 per year 8.79 10.55 6.72 7.69 9.22 8.53 
Date of last 
clipping 9 / 5 9 / 5 8/6 9 / 17 9 / 24 9/13 9/6 
Mixtures not reported in 1944 were slow in establishing satisfactory stands. The six replica-
tions of each mixture were sampled 3 times per year during 1944-46, and 4 times per year 
during 1947-49. 
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mended that farmers of Utah apply 10 
to 15 tons manure and 200 pounds 
treble superphosphate to their pas-
tures each 3 years. With 5 years addi-
tional experience (Bateman and Pack-
er 1945) the rate of phosphorus appli-
cation was increased to 87 pounds per 
year in order better to maintain le-
gumes in the pasture. The studies 
reported in this bulletin were carried 
out on land fertilized according to that 
recommendation. Bartles and Mor-
gan (1944) and many others have re-
ported that in irrigated areas of 
Australia pastures give a striking re-
sponse to phosphate fertilization. 
Preliminary yield data 
The 36 mixtures of experiment A, 
seeded April 17, 1943, and the pounds 
of seed used per acre for each species 
are presented in table 4. Eight grasses 
and 8 legumes are listed. These are 
the ones which in 1943, with no prior 
experience, were thought worthy of 
consideration for fertile, well-drained 
irrigated land. Obviously, 36 is only 
a small fraction of the possible com-
binations. It has been pointed out 
(Keller and Peterson 1950) that there 
are 65,025 different possible mixtures 
of 1 to 8 grasses with 1 to 8 legumes. 
Were different seeding rates to be 
used, the possible number of mixtures 
would quickly become an astronomi-
cal figure. 
At the close of the second grazing 
season a report was issued ( Keller 
et al. 1945) containing the following 
statement, "High yielding mixtures 
contained either brome, orchard, or 
tall fescue with red clover, ladino 
clover, or alfalfa as the legume. Com-
binations of these species were also 
highly productive. In contrast, if 
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either Kentucky bluegrass, meadow 
fescue, meadow foxtail, or perennial 
rye grass was the predominant grass, 
or if strawberry clover or any of sev-
eral sources of ordinary white clover 
was the predominant legume, or any 
of these species in combination, yields 
were relatively low." All data ob-
tained to date support that state-
ment. 
The green-weight yields in tons per 
acre, for the 36 mixtures of experi-
ment A, for the six-year period 1944 
to 1949 inclusive, are presented in 
table 5. 
The mean green-weight yield for 
the duration of the study ranged 
from 14.81 tons for mixture 22, to 4.76 
tons for mixture 29. Mixture 26 yield-
ed an average of 7.37 tons, with 14 
mixtures significantly more productive 
at the I-percent level. The two high-
est yielding mixtures, 22 and 5, both 
contained tall fescue. Since the graz-
ing animals did not make good use 
of these mixtures, tall fescue was rat-
ed very low in palatability. This con-
dition was noted early (Keller et al. 
1945). The result of differential 
grazing was that tall fescue continued 
to increase in these mixtures, as well 
as in border areas where it was in-
cluded. After the more palatable 
mixtures had been well utilized, but 
there was an abundance of forage 
containing tall fescue only partially 
grazed, attempts more fully to utilize 
the fescue mixture led to a drop in 
milk production. 
Tall fescue was the only species 
having high productivity, based on 
mowed swaths, which was not ac-
ceptable to the milking herd under 
the conditions of this study. Mixtures 
22 and 5, highest in mowed swath 
yields, would have been rated low in 
yield had we an accurate measure 
of the amount of forage grazed from 
them by the milking herd. 
If mixtures 22 and 5 are rejected 
on the basis of palatability, mixture 
27 is next in order of yield. This mix-
ture, brome + alfalfa, was too much 
dominated by alfalfa, presenting a 
real bloat hazard. Available data in-
dicate that if brome is increased in 
the mixture, total yield will drop. 
Some of the more interesting mix-
tures of experiment A, together with 
percent legumes on two dates in 1947, 
and the year's total yield, are pre-
sented in table 6. Comparing orch-
ard + ladino with brome + ladino, 
note that the former yielded more but 
the latter contained a higher percent-
age legumes. When these grasses are 
grown with red clover (see mixtures 
34 and 36 for the 6-year period re-
ported in table 5) brome + red clo-
ver was the more productive the first 
two years, but less productive the last 
3 years when red clover had largely 
disappeared and had been replaced 
by less productive legumes. These 
data suggest that (1) brome inter-
ferred less than orchard with the de-
Table 6. Some mixtures of experiment A, their green weight yield, and the percent 
legumes found in each on two dates during 1947 
% legumes* 1947 
Mix Species composition May 2 Aug 4 yield 
3 Orchard + ladino 8 33 7.83 
8 Orchard + ladino 3 38 8.02 
11 Brame + ladino 15 66 6.17 
14 Brome + ladino 12 58 5.93 
12 Orchard + alfalfa 8.87 
6 Brame + alfalfa 41 73 8.66 
16 Brame + alfalfa 47 69 9.07 
27 Brame + alfalfa 38 80 10.70 
25 Brome + tall oat + ladino 18 52 7.69 
34 Brame + red clover 30 64 5.42 
36 Orchard + red clover 7 25 6.55 
15 Orchard + brome + ladino + alfalfa 15 51 9.44 
26 (Standard mixture number 1) 3 19 5.97 
5 Tall fescue + ladino 6 16 14.01 
22 Tall mix (containing tall fescue) 8 41 12.40 
Means 18 49 8.42 
°Green weight basis 
Note the general increase of legumes in the herbage between May 2, when they were low, 
and August 4, when some approached a dangerously high proportion. Note the fai~ure of 
ladino clover to come up to a satisfactory percentage by August 4 when growing in as-
sociation with tall fescue ( mixture 5 ) . This is the direct effect of differential grazing dur-
ing 4 seasons. 
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velopment of red clover, and (2) red 
clover is more productive than either 
grass. Brome + alfalfa plots (table 
6) yielded well, but contained too 
much alfalfa. Brome + ladino and 
brome + red clover plots also were 
too high in legumes. On the con-
trary, orchard + ladino and orchard 
+ red clover plots were better bal-
anced. They could, in fact, have con-
tained more legumes with benefit to 
yield. Orchard + alfalfa ( mixture 
12) yielded well, but at the time the 
data of table 6 were obtained this 
mixture was not sampled. Mixture 
25 of table 6 does not give a proper 
evaluation of the addition of tall oat 
to a brome + ladino mixture because 
by the fourth grazing season tall oat 
had been greatly reduced in produc-
tivity, and in fact did not give good 
stands in experiment A. Mixture 15, 
brome + orchard + alfalfa + ladino 
is within bounds on percent legumes 
and is high yielding. I t was high in 
yield during the 6-year period, as in-
dicated in table 5. Mixture 26 is 
definitely low yielding and would 
have been greatly benefited by more 
aggressive legumes. 
A high percentage of legumes in a 
pasture mixture increases the bloat 
hazard. The data in table .-6 -empha-
size that the percent legumes in the 
same mixture changes greatly during 
the season. Mixture 15, consisting of 
orchard, brome, ladino, and alfalfa 
contained only 15 percent legumes 
on May 2 but had increased to 51 per-
cent by August 4. Legumes usually 
increase as the season advances but 
this is subject to considerable varia-
tion from year to year. 
Because of this seasonal trend, a 
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constant proportion of grasses to le-
gumes is unattainable. A pasture 
under irrigation which averages 50 
percent legumes for the season may 
contain only 15 to 20 percent during 
the first grazing but as much as 70 
percent by the last grazing. There-
fore, toward the end of the season 
the bloat hazard must be met by 
more careful management. One ap-
proach is to allow the forage to be-
come more mature before grazing 
and to restrict the area available to 
the herd. 
To restrict the legume content of 
a pasture to 50 percent at its maxi-
mum would definitely reduce total 
yield. 
Fu rther yield data 
Experiment D was designed and 
seeded in the spring of 1946 when 
two years' data had been obtained 
from experiment A. Two main ob-
jectives were sought: (1) to replace 
tall fescue in mixture 22 with a palat-
able species, without loss of yield, 
and (2) to learn more specifically the 
contribution made by each species to 
a high yielding mixture. In addition, 
an opportunity was afforded to de-
termine the value _ of - a companion-
crop o{ barley taken through to grain 
in comparison with periodic grazing 
the first season, as discussed earlier. 
The combinations and seeding rates 
for the 32 mixtures of experiment D 
are presented in table 7. The calcu-
lated green-weight yields in tons per 
acre are presented in table 8. Each 
mixture was replicated 12 times and 
the plots were sampled 4 times each 
year. Mixture 22 is again the high-
est yielding, though its advantage is 
Table 7. The combinations of grasses and legumes making up the 32 mixtures of experiment D, together with seeding rate 
in pounds per acre for each component 
MIXTURE NUMBER 
Species 1 I 2 3 4 5 I 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29130 31 
== -====-- ===== 1= 1= 1== ==1== 1= ====-==== 1== 
Brome 8 4 10 4 16 4 6 4 8 8 8 16 8 4 8 8 4 8 8 8 16 
--r---
- 6 - 61-6 
61 
Orchard 6 3 3 12 8 12 3 4 3 6 3 3 6 .6 
r----f--
I 1._= Reed canary 5 3 3 3 2 3 5 5 5 
1 == 
- ---- f----
Tall oat 4 4 
_ 4 1_ 4 4 8 8 I 16 r- I-;---I~--I------- r--Ladino clover 2 I 4 6 2 2 2 4 2 2 4 2 2 2 2 4 2 2 2 4 2 4 
31 6 --
f----
---- - r - -j------Red clover 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 f-------- ;- j- - 31- -- r-- - I--Ranger alfalfa 3 3 3 1-
2 I 3 f--- I-- ---;:1- 3 -Alsike clover 4 2 2 + f---- r--- r-- ---- r--Kentucky blue ---11- 4 f---- r-- f----Meadow fescue 
1 -
4 I -I- --- - - ---- r--Perennial rye 3 
1 --- -- --- - --- - - - --Timothy 
I ----- - - - - - r----I- - 1-White clover 3 2 2 2 
Strawberry clover 1 2 
Tall fescue I I 4 
The seed was broadcast April 18, 1946, in plots 22.5 feet square, replicated 12 times. 
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less than in experiment A. (Only a 
few mixtures bear the same numbers 
in experiment D as in experiment A, 
among them 22 and 26.) Mixture 12 
is the only one in experiment D not 
significantly below mixture 22 in 
yield. Unfortunately, it has not been 
easy to obtain good stands of reed 
canary on well-drained land, and so 
the full potential of mixture 12 has 
possibly not been determined. The 
next most productive mixture is num-
ber 7. It is like mixture 22, except tall 
fescue has been eliminated. 
High yielding mixtures are various 
combinations of the high yielding 
species listed earlier, plus tall oat-
grass of which good stands were not 
obtained in experiment A, and reed 
canary which has manifest its im-
portance in spite of poor stands. Mix-
ture 26 is next to the bottom in yield, 
being ahead of one mixture which 
was a combination of two species of 
which only poor stands were obtained. 
Tall fescue is omitted from any 
recommendation for high quality ir-
rigated land because of low palat-
ability. Orchard, brome, tall oat, 
reed canary, alfalfa, ladino, and red 
clover remain. Of these, tall oat and 
red clover are known to be short-
lived; the remaining species are the 
long-lived components. If mixtures 
differing in orchard and brome are 
compared over a 5-year period, total 
yields are similar but the percent le-
gumes, as discussed earlier, makes it 
plain that orchard is the more pro-
ductive grass. Three pairs of mix-
tures reported in figure 4 illustrate 
the difference between orchard and 
brome. The open columns represent 
the mean yield of mixtures 6, 11, and 
19 which all contain brome. The 
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solid columns show the mean yield 
of mixtures 8, 9, and 10 which all 
contain orchard. They are the same 
as mixtures 6, 11, and 19 with orch-
ard replacing brome. In figure 4 the 
dotted lines indicate the level of yield 
of mixtures 2, 3, and 23. These three 
mixtures are identical to those above 
if both orchard and brome are omit-
ted. Note that for a 5-year average 
mixtures containing orchard and those 
containing brome yielded the same, 
and that the three mixtures lacking 
these grasses (the dotted lines) were 
equally productive. During the first 
grazing season the presence of either 
orchard or brome reduced yields by 
2.5 to 3 tons per acre green-weight. 
During 1947 and 1948 percent le-
gumes in these mixtures was de-
termined for the third harvest. The 
data are included as solid lines cross-
ing the yield bars in figure 4. The 
5-ton yield mark equals 50 percent 
legumes. Note that the legumes were 
rather high in the brome mixtures 
and 20 to 25 percent lower in the 
orchard mixtures. 
No such comparison of alfalfa and 
ladino clover is available, but figure 
5 presents a comparison of alfalfa and 
red clover. After the first two years 
this is essentially the effect of adding 
alfalfa to a ladino + orchard + 
brome mixture, and reveals the large 
contribution of alfalfa. Figure 5 
shows a comparison of mixtures 1 and 
15, and the dotted lines represent mix-
ture 20 (ladino + brome + orch-
ard) . Note that red clover contrib-
uted to yield only during the first 
grazing season, while the heaviest 
contribution of alfalfa came during 
the third and fourth years. The dbt-
ted lines indicate that alfalfa and red 
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Fig. 4. The relative productivity of 3 mixtures containing orchardgrass (solid col-
umns) and 3 mixtures containing bromegrass (otherwise similar) during the 5 years 
of experiment D. The mean yields of 3 mixtures lacking both orchard and brome 
(otherwise similar) are represented by the dotted lines. Note that mixtures contain-
ing brome were better than those containing orchard the first 3 years, but poorer the 
last two, averaging out the same. Mixtures lacking brome and orchard (dotted lines) 
were superior the first season. This is a legume effect. Solid horizontal lines (lower 
left) indicate percent legumes at the third harvest during 1947 and 1948. Mixtures 
containin.g, bromegrass had a dangerously high legume content 
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Fig. 5. The relative productivity of mixture 1, containing red clover, and mixture 15, 
containing alfalfa. Note the substantial contribution of red clover the first season, 
and the failure of alfalfa to contribute heavily the first two seasons. Mixture 20, 
brome + orchard + ladino (the species common to both mixtures 1 and 15) is rep-
resented by the dotted lines. Note that mixture 15 was low in legumes the first 
season. The addition of either alfalfa or red clover to mixture 20 led to significant 
increases in forage yield for the 5-year period 
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Fig. 6. The relative productivity of mixture 1, containing ladino clover and mixture 
27, containing white clover. Note the consistent superiority of ladino over white 
clover, even when both mixtures contained red clover, orchard, and brome. The 
dotted lines are for mixture 16, containing red clover + orchard + brome + alsike 
clover. (A red clover + orchard + brome plot was not included, but poor stands 
of alsike clover made mixture 16 essentially that). Ladino clover has clearly made 
a significant contribution. The solid lines, for percent legumes, reveal that the white 
clover mixture fell below the desired level after the first-season contribution of red 
clover 
24 
clover each contributed about 1 ton 
per acre per year to total yield. Per-
cent legumes in 1947 and 1948 was 
satisfactory except that in 1947 alfalfa 
and ladino together (solid column) 
contributed only about 30 percent of 
the total forage. In experiment A the 
mixtures containing alfalfa all came 
to the top in yield after two or three 
years. This cannot be said of the 
ladino clover mixtures. Thus, under 
the conditions of this study it appears 
a reasonable assumption that alfalfa 
is more productive than ladino clover. 
The superiority of ladino over 
white clover is illustrated in figure 
6. This is a comparison of mixtures 
1 and 27. The species common to 
both mixtures are brome, orchard, 
and red clover. Mixture 16, contain-
ing these plus alsike clover, is the 
basis for the dotted lines in figure 6. 
A brome + orchard + red clover 
mixture was not available, but poor 
stands of alsike suggested similar re-
sults from mixture 16. Note that 
after the first season white clover 
alone was unable to maintain a de-
sirable percentage of legumes. 
The growth patterns for orchard 
and tall oat are presented in figure 7. 
This is a comparison of mixtures 8 
and 31. The dotted lines were con-
tributed by mixture 3, ladino clover 
being the species common to both 
mixtures 8 and 31. The first grazing 
season tall oat + ladino yielded 6 
tons green weight more than orchard 
+ ladino. The low percent legumes 
in both mixtures indicates that the 
yield difference was made" up largely 
by the grasses. Tall oat appears to 
have Blade all of its contribution the 
first two years, while orchard was get-
ting under way. 
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In more complex mixtures, when-
ever tall oat is used red clover should 
also be used, and vice versa, in order 
to maintain a proper balance between 
grasses and legumes. The relative 
productivity of mixtures with and 
without both tall oat and red clover 
is found in a comparison of mixtures 
7 and 15, table 8. The only impor-
tant difference appears in the first 
year when mixture 7, containing both 
tall oat and red clover yielded 5 tons 
green weight per acre more than mix-
ture 15. That 4 tons of this first-year 
advantage carried over into the 5-year 
average (.8 tons per year) indicates 
that the establishment and first-year 
vigor of tall oat and red clover inter-
ferred only slightly with the estab-
lishment of the other 4 associated 
species in mixture 7. 
Simple versus complex mixtures 
Blaser et al. (1952a, 1952b) in the 
non-irrigated humid East, advocate 
the use of simple mixtures. They 
point out that complex mixtures re-
vert to simple ones in response to 
competition and differential adapta-
tion to the particular environment. 
They state (1952a) that, "When con-
sidering morphological characteristics, 
species are best suited for certain 
uses, i.e. , for grazing, hay, or silage." 
Their concepts of simple mixtures are 
those containing one or two grasses 
with one or two legumes. British 
opinion, formerly inclined toward 
complex mixtures ( Stapledon and 
Davies 1928) since rotation and strip 
grazing, has swung back to simple 
mixtures (Williams 1948, Hughes 
1952, Heddle and Herriott 1954). 
In order that farmers in Virginia 
meet their forage requirements, Blas-
W 
0::: 
U 
« 
0::: 
W 
+ ORCHARD 
+ TALL OAT 
ORCHARD a TALL OAT 
• D 
0.. 15 _ 
% LEGUMES ..... 
:I: 
(!) 
W 
~ 
z 
w 
W . 
0::: 
C> 
en 10-
z 
o 
..... 
5-
1947 1948 1949 1950 1951 5-YR 
AVG. 
Fig. 7. The relative productivity of mixture 8, containing orchardgrass, and mixture 
31, containing tall oatgrass. The dotted lines represent mixture 3, ladino clover 
being the one other species in mixture 8 and 31. Tall oat + ladino yielded 6 tons per 
acre more than orchard + ladino the first year and was significantly better the ec-
ond year, after which tall oat dropped out. Both orchard and tall oat contributed 
significantly to the 5-year mean yield. The percentage clover was held down by both 
grasses the first season, but by 1948 ladino clover accounted for more than 60 per-
cent of the forage in the tall oat + ladino mixture 
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Table 8. Yield per year from the 32 mixtures of experiment D, and the 
5-year mean yield 
Tons green weight per acre 
Mix. 
22 
12 
7 
13 
15 
32 
24 
1 
5 
14 
6 
9 
25 
23 
31 
2 
20 
8 
18 
11 
19 
10 
3 
17 
27 
29 
16 
21 
28 
30 
26 
4 
Sig. diff. 
1947 
19.05 
19.19 
17.28 
17.16 
12.26 
18.54 
19.28 
16.00 
16.76 
15.48 
18.38 
17.17 
16.14 
19.25 
18.14 
19.52 
12.50 
12.27 
15.89 
12.92 
16.40 
15.30 
16.34 
12.82 
14.40 
13.95 
15.99 
15.82 
10.69 
11.17 
10.42 
9.17 
1 % level 3.28 
Mean yield 
1948 
14.47 
14.57 
12.75 
12.70 
13.11 
13.95 
14.84 
12.92 
12.57 
12.38 
13.73 
11.98 
14.16 
12.69 
14.59 
12.57 
12.43 
12.22 
9.83 
13.43 
12.95 
11.00 
12.35 
12.17 
10.25 
10.75 
9.09 
10.71 
9.70 
11.80 
9.69 
7.24 
1.71 
1949 
19.07 
17.31 
16.24 
15.84 
17.45 
14.86 
14.10 
15.49 
14.65 
15.54 
15.48 
14.29 
14.61 
13.25 
13.00 
13.52 
15.05 
15.18 
13.13 
14.60 
14.38 
13.16 
12.72 
12.27 
11.89 
11.36 
10.17 
10.14 
11.81 
12.68 
11.15 
10.53 
2.79 
1950 
18.86 
17.84 
17.81 
16.17 
18.09 
14.98 
14.14 
14.89 
15.32 
14.68 
13.53 
14.72 
14.27 
13.43 
13.64 
13.23 
15.08 
14.58 
13.03 
13.80 
12.25 
13.39 
12.73 
14.14 
11.44 
11.31 
11.41 
11.13 
12.67 
11.63 
10.69 
11.66 
2.41 
1951 
16.69 
14.19 
14.62 
13.43 
13.74 
12.15 
9.99 
12.95 
12.82 
13.43 
10.23 
12.45 
10.35 
10.59 
9.66 
9.62 
12.95 
13.05 
13.81 
10.67 
8.91 
11.49 
9.44 
9.73 
12.53 
11.01 
11.33 
10.19 
11.36 
8.01 
11.22 
10.13 
1.74 
Mean 
17.63 
16.62 
15.74 
15.06 
14.93 
14.90 
14.47 
14.45 
14.42 
14.30 
14.27 
14.12 
13.91 
13.84 
13.81 
13.69 
13.60 
13.46 
13.14 
13.08 
12.98 
12.87 
12.72 
12.23 
12.10 
11.68 
11.60 
11.60 
11.25 
11.06 
10.63 
9.45 
16'5 
per year 15.49 
Date of last 
clipping 9 / 22 
12.17 
911 
13.90 
8 /27 
13.95 
9 / 8 
11.65 
8 / 13 
13.43 
9 / 2 
Each yearly yield is based on 48 samples (4 harvests of 12 replications) 
er et al. (1952a) advocate 4 separate-
ly fenced pastures, each planted to a 
simple mixture best suited for a par-
ticular use. The use of simple mix-
tures therefore appears to involve a 
rather complex management scheme. 
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Perennial forage species are most 
productive during the long days of 
early summer (Peterson and Hagan 
1953) . Moisture and temperature 
are also generally most favorable at 
this season, while in some environ-
Specie!!! and seeding rate Table 9. Mixtures representing combinations of the 7 high yielding 
~ 
species: their yields and suitability for pasture, and how they 
I~ compare with mixture 26 ~ ... 0 I-< o...~ ~ ~ 
til 5 :u ;> '"d ~ Comment 0 I-< 
..... ~ 0 "0 I-< ~ o .S ~ ~ CIS (l:) 5-yr. ~ .:a 0.0 ...c::: S '"d 0<1) '"d ~ C) 0 C;; ~ mean ~ CIS ~ CIS I-< I-< Q) z .~ ....l ~ ~ 0 ~ E-< ~ yield 
---- ---- ---- ---- --------
1 3 6 12.72 no grass 
2 2 4 6 13.~9 no grass 
8 4 12 15.46 satisfactory balance between grasses and legumes 
11 4 16 13.08 dominat6d by ladino 
31 4 16 13.81 grass short-lived 
3 10 2 3 12 12.87 too much clover first grazing season 
19 2 3 16 12.98 dominated by legumes 
20 4 6 8 13.60 satisfactory balance between grasses and legumes 
23 2 3 5 13.84 dominated by legumes 
25 4 8 8 13.91 too much grass first grazing season 
4 1 2 3 6 8 14.45 too much clover first grazing season 
6 2 3 10 3 14.27 too much clover first grazing season 
9 2 3 8 3 14.12 too much clover first grazing season 
15 2 3 6 8 14.93 satisfactory balance between grasses and legumes 
24 2 3 8 8 14.45 satisfactory balance between grasses and legumes 
5 5 2 3 3 4 4 14.42 satisfactory balance between grasses and legumes 
13 2 3 4 6 2 15.06 satisfactory balance between grasses and legumes 
6 7 2 3 3 3 4 4 15.74 satisfactory balance between grasses and legumes 
14 2 3 3 4 4 3 14.30 satisfactory balance between grasses and legumes 
7 12 2 3 3 3 4 4 3 16.62 satisfactory balance between grasses and legumes 
26 ( Standard No.1) 10.63 dominated by grasses 
Sig. diff. at 1 % level 
Note how yield increased with number of species in the mixture. From eXPQriment D. 
ments droughts and very high tem-
peratures frequently occur in late 
summer. It appears unlikely that a 
forage mixture will be developed 
which gives uniform productivity 
throughout the grazing season. On 
irrigated land with current manage-
ment practices involving rotation or 
strip grazing and making hay of sur-
plus pasturage, it is doubtful that 
such a mixture would be of particular 
value unless it was the one which 
gave the highest seasonal yield. Ro-
tation and strip grazing so nearly ap-
proach mowing in their effect upon 
the sward, that the use to which the 
forage is put, i.e. whether grazed or 
made into hay or silage, has become 
relatively minor. From the stand-
point of irrigated land, these factors 
tend to minimize the use of mixtures 
based on morphological character-
istics, and place emphasis on total 
yield per acre per year. In early sum-
mer, when growth is most rapid, some 
part of the total will be made into hay 
(or silage, if weather is unfavorable 
for haying). This allows the operator 
the simplest, most flexible system pos-
sible, and at the same time returns 
to him maximum yearly yields of high 
quality forage. 
At the outset of this study we con-
sidered it likely that the most pro-
ductive mixture would prove to be 
one grass with one legume. Such 
has not been the case. Although all 
the desired combinations could not 
be made, much evidence has been ob-
tained to indicate that relatively com-
plex mixtures will be most productive 
for irrigated pastures of the Inter-
mountain Region. Complex mixtures 
also offer the grazing animal a wider 
variety, making the diet less monot-
29 
onous, and possibly assuring better 
nutritional balance. 
Experiment D contains 21 mixtures 
which, except for mixture 26, an~ vari-
ous combinations of 7 high yielding 
species. These mixtures and their 
5-year mean yields are listed in table 
9. A number of them are not prac-
tical, either because they contain no 
grass or result in a poor balance be-
tween grasses and legumes. At least 
some of the mixtures that were domi-
nated by legumes could be brought 
into line by altering the seeding rate, 
but it would likely be at the expense 
of yield. Of the two-species mixtures 
ladino + orchard (number 8) is the 
only acceptable one. Alfalfa + orch-
ard might have been better, but was 
not included in the study. Mixtures of 
3 species tend to be unbalanced, but 
mixture 20, ladino + orchard + 
brome is acceptable, although there 
is little gain in yield by the addition 
of brome to mixture 8. Alfalfa + 
orchard + brome would have prob-
ably been superior to any three-
species mixture studied. Among the 
4-species mixtures, that of ladino + 
alfalfa + orchard + brome (number 
15) is the only one having a good 
balance of grasses to legumes. Note 
that it is superior in yield to any of 
the simpler mixtures. Among the 
5-species mixtures, number 5 has a 
good balance, but it was consistently 
below both 7 and 12 in yield, em-
phasizing the value of alfalfa in par-
ticular, and calling attention to the 
contribution of reed canary even 
though good stands of it were not 
obtained. 
Disregarding mixture 26, there is a 
clear trend toward higher yields as 
a larger number of productive species 
TONS GREEN WEIGHT PER 
12 
ACRE 
14 
MIXTURE COMPOSIT10N 
3 LADINO I 
2 MIX 3 + RED CLOVER I 
8 LADI NO + ORCHARD 1 
10 MIX 8 + RED CLOVER T 
II LADINO + BROME I 
19 MIX II + RED CLOVER T 
25 LADINO + BROME + TALL OAT- 1 
24 MIX 25 + RED CLOVER 1 
I 
20 LADINO + ORCHARD + BROME 1 I 
I MIX 20 + RED CLOVER 1 
I 
I 
AVERAGE 5 MIXTURES WITHOUT RED CLOVER I I I 
AVERAG E 5 MIXTURES WITH RED CLOVER II 
Fig. 8. The effect on yield of the addition of red clover to 5 mixtures of experiment 
D. Each bar for a single mixture is based on data from 12 replications sampled 
4 times each year for 5 years. The average increase from red clover is non-
significant. However, for the first grazing season the red clover mixtures exceeded 
the others by an average of 3.27 tons, a highly significant value (table 7). Note that 
yield tends to increase as the mixtures contain more species 
are added to the mixtures. Eliminat-
ing the first two mixtures because they 
contained no grass, those having 2 or 
3 species gave an average yield (table 
9) of 13.44 tons per acre. Mixtures with 
4 and 5 species averaged 14.53 tons 
per acre, and those having 6 and 7 
species averaged 15.55 tons per acre. 
These differences are all significant at 
the I-percent level. In addition, mix-
ture 12, containing all 7 species, was 
significantly above mixture 14, which 
lacked only alfalfa. A correlation co-
efficient of + .791 represents the re-
lation between number of species in 
the mixture and yield, for all mix-
30 
tures in table 9 except number 26. 
This correlation is significant at the 
I-percent level. The trend toward 
increasing yields as the num ber of 
productive species in the mixture is 
increased is clear. 
The individual contribution of 6 of 
the 7 high yielding species to mix-
tures ranging from simple to com-
plex is presented in figures 8 to 13. 
Ladino clover occurred in nearly 
every mixture, and such a comparison 
with it was not possible. Over a 5-
year period the average contributions 
of red clover (figure 8) , tall oat (fig-
ure 9), brome (figure 10), and orch-
TONS GREEN WEIGHT PER ACRE , 
MIXTURE COMPOSITION 
12 14 
, 
3 LADINO 1 
31 MIX 3 + TALL OAT I 
II LADINO + BROME I 
25 MIX II + TALL OAT J 
19 LADINO + BROME + RED 1 
24 MIX 19 + TALL OAT J 
J 
I LADINO + BROME + R.ED + ORCHARD J 
5 MIX 1+ TALL OAT J 
I 
13 LADI NO + BROME + RED + ORCHARD + REED I 
14 MIX 13 + TALL OAT J 
I 
I 
I 
AVERAGE 5 MIXTURES WITHOUT TALL OAT I I 
AVERAGE 5 MIXTURES WITH TALL OAT J 
Fig. 9. The effect on yield of the adrlition of tall oatgrass to 5 mixtures of experi-
ment D. Again, the average increase is non-significant, but for the first grazing 
season the tall oat mixtures exceeded the others by 1.37 tons, which is a s ignificant 
increase. Note the relation between yield and number of species in the mixtures 
ard (figure 11) were below the 
amount necessary for significance. 
When 5 mixtures are com pared a dif-
ference of .59 tons is required to 
equal the 5-percent level of signifi-
cance. Reed canary (figure 12) , and 
alfalfa (figure 13) both gave sig-
nificant increases. Alfalfa yielded a 
significant increase in each of the 
three separate comparisons available. 
In no case was there a significant de-
cline in yield as a result of adding an-
other species to the mixture. Further-
more, each group of mixtures, from 
simple to relatively complex, present-
ed in figures 8 to 13, inclusive, indi-
cate an upward trend in yield as the 
mixtures become more complex. The 
sum total of these data strongly sup-
31 
ports our recommendation of a mix-
ture containing all seven of the spec-
ies considered. This is mixture 12 in 
experiment D. The data also imply 
that if additional high yielding palat-
able species are found, including 
them may still further increase yield. 
Mixtures for cultivated land 
too wet for alfalfa 
Experiment B, carried out on land 
lying below a small spring, represent-
ed a situation where the water table 
was too near the surface for good 
growth or long life of alfalfa. The 25 
mixtures seeded April 24, 1943, are 
presented in table 10, and the green-
wdght yields in tons per acre for 4 
years (1944-47 inclusive) are pre-
TONS GREEN WEIGHT PER ACRE 
12 14 
MIXTURE COMPOSITION 
3 LADINO I 
II MIX 3 + BROME I 
2 LADINO+ RED I 
19 MIX 2 + BROME I 
8 LADINO + ORCHARD 1 
20 MIX 8 + BROME I 
31 LADINO + TALL OAT 1 
25 MIX 31 -+ BROME I 
10 LADINO -+ ORCHARD + RED I 
I MI X 10 + BROME 1 
I 
I 
23 LADINO + REED -+ RED I: 
6 MIX 23 -+ BROME 1 
: 
9 LADINO + RED + ORCHARD + REED I 
13 MIX 9 + BROME I 
I 
I 
I 
I 
AVERAGE 7 MIXTURES WITHOUT BROME 1 I 
AV ERAGE 7 MIXTURES WITH BROME II 
Fig. 10. The effect on yield of the addition of bromegrass to 7 mixtures of experiment 
D. The average increase is non-significant, but note again that yield tends to in-
crease as mixtures take on additional spegies. Since the addition of a grass to a 
mixture tends to reduce the percentage legumes, it is surprising that yields are not 
lowered thereby 
sented in table 11. The high varia-
bility, indicating the inadequacy of 3 
replications, prevents drawing many 
specific conclusions. The 17 highest 
yielding mixtures of the 25 did not 
diller significantly from one another 
at the 1 percent level. Mixture 15 
( standard number 1 in experiment 
B) did not fall below the highest 
yielding mixture at the 5-percent lev-
el. None of the mixtures gave yields 
comparable to the better mixtures of 
32 
experiments A or D, although mix-
ture 15 was only 1.24 tons per year 
below its yield in adjacent experi-
ment A. 
Poor stands of timothy and trefoils 
make any evaluation of them impos-
sible. Strawberry clover was reseed-
ed by broadcasting on the plots on 
May 12, 1944, a year after the initial 
seeding. This is now believed to have 
been unnecessary. 
The high productivity of reed ca-
TONS GREEN WEI GHT PER ACRE 
· MIXTURE COMPOS.lrION 
12 14 
3 LADINO I 
8 MIX 3 + ORCHARD I 
2 LADINO + RED I 
10 MIX 2 + ORCHARD J 
19 LADINO + RED + BROME 1 
I MIX 19'" ORCHARD J 
I 
23 LADINO + RED + REED II 
9 MIX 23 ... ORCHARD J 
I 
I 
6 LADINO + RED + BROME + REED 1 
13 MIX 6 + ORCHARD I 
I 
I 
24 LADINO + RED + BROME + TALL OAT J 
5 MIX 24 +ORCHARD J 
I 
I 
I 
I 
AVERAGE 6 MIXTURES WITHOUT ORCHARD I I 
AVERAGE 6 MIXTURES WITH ORCHARD I 
Fig. 11. The effect on yield of the addition of orchardgrass to 6 mixtures of experi-
ment D. The average increase is non-significant, but yields tend to increase as mix-
tures take on additional species 
nary is evident, as is also the depend-
ence of this grass on an associated 
legume. Reed canary plus strawberry 
clover (mixture 3) produced low 
yields the first grazing season but rel-
atively high thereafter. Mixtures 1 
and 12 (essentially reed canary 
alone) yielded on the average .51 tons 
green weight per acre per year more 
than mixtures 7 and 9 (essentially 
meadow foxtail alone). However, 
with strawberry clover, reed canary 
yielded an average of 1.18 tons per 
acre per year more than meadow fox-
tail, and with ladino clover, reed ca-
nary exceeded meadow foxtail by an 
33 
average of 1.71 tons per acre per year. 
Urine dropped by the cows pro-
duced a greater response from reed 
canary than from any other grass. It 
would seem, therefore, that heavy 
nitrogen fertilization would lead to 
large yields from pastures in which 
reed canary was abundant. 
Unfortunately, red clover was little 
used in experiment B, and tall fescue 
not at all. However, the wettest part 
of the field was seeded to tall fescue 
and it made a vigorous growth, dem-
onstrating its adaptation to the site. 
There is every reason to believe 
that red clover would contribute sub-
TONS GREEN WEIGHT PER ACRE 
MIXTURE COMPOSITION n I 14 I 16 I 
2 LADI NO + RED CLOVER I : 
23 MIX 2 + REED II 
I 
I 
19 LADINO+ RED CLOVER + BROME I I I 
6 MIX 19 + REED J 
I 
I 
10 LADINO + RED CLOVER + ORCHARD I I 
9 MIX 10 +REED J 
I 
I 
I LADINO + RED CLOVER + ORCHARD + BROME I 
13 MIX I + REED I 
I 
I 
5 LADINO + REO + ORCHARD + BROME + TALL OAT J 
14 MIX · 5 + REED I 
I 
I 
7 LADINO -+ RED + ORCHARD+ BROME -+ TALL OAT + ALFALFA 1 
12 MIX 7 -+ REED j 
I 
I 
I 
I 
AVERAGE 6 MIXTURES WITHOUT REED 1 
AVERAGE 6 MIXTURES WITH REED I 
Fig. 12. The effect on yield of the addition of reed canary to 6 mixtures of experi-
ment D. The average gain from reed is significant at the 5-percent level. Note the 
trend toward higher yields as mixtures include additional species 
TONS GREEN WEIGHT PER ACRE 
12 14 16 
MIXTURE COMPOSITION 
20 LADINO + ORCHARD + BROME I I 
15 M I X 20 + ALFALFA I 
I 
5 LADIN 0 -+ ORCHARD + BROME + RED + TALL OAT I 
7 MIX 5 + ALFALFA J 
I 
14 LADINO -+ ORCHARD -+ BROME + RED + TALL OAT -+ REED j 
12 MIX 14 + ALFALFA J 
I 
I 
I 
I 
I 
I 
I 
AVERAGE 3 MIXTURES WITHOUT ALFALFA I 
AVERAGE 3 MIXTURES WITH ALFALFA J 
Fig. 13. The effect on yield of the addition of alfalfa to 3 mixtures of experiment D. 
" ,The average increase is highly significant and reflects the contribution of alfalfa to 
pasture mixtures. Note thQ upward trend in yield as the mixtures take on additional 
species. The fact that in pasture mixtures alfalfa is no more palatable than red 
clover, and less than ladino, (table 3) should eventually break down the prejudice 
against its use, based on losses by bloat from pasturing alfalfa hay fields 
Table 10. The combinations of grasses and legumes making up the 25 mixtures of ex periment B, together with seeding rate 
in pounds per acre of each component 
MIXTURE NUMBER 
Species I 1 2 1 3 ~ 5 (3 7 1 81 9 10 1 11 12 13 14 115 16 117 ~f: 1~~1 22 : 23 ~I~ Reed canary 110 ~ 10 10 110 1 - ,- ,= 10 , = --,- To- la,-
Meadow foxtail F 16 <- - 16 '=~I 116 -~- - 1- 1--'-'--116 , 16 
-h-Meadow fescue I---r -- 16,- -t---16fS --r- ,--,-4 4 
Smooth brome -I --. - "-r,- -,- - 14 -13 --, ,20 - 1-3 
Perennial ryegrass 1 1 - ="-H -,- J.-----I--- = 13 = 10 1 :- F 3 3 4 Red top 1 - -,- -- - -10 3 
Timothy I---r 1-- ---1- 81- ' -- ------- - 8'-1-
1--
, 
Orchard l ---,-,--- ---'--- ~ 1-, 3 4 Kentucky bluegrass 1 1 1--=::1 ~--,- - - , I 4 3 Astoria bent I~- 1-- -,- - ---I-1-- - ,---8 _I~ ___ I-
4 1 - 4 ,-
- -
-'
-I--- 1 4 1 Strawberry clover 4 ~ 4 4 2 
--
1 -,-
,-
--- --I--
41 If=-I 4 Alsike clover 2 ~~ 4 - 1 -,- - --White clover 4 3 
Ladino clover 1 -- - ,- 4 - ~ --~-:= J--4 I-~ -- -,-Red clover 
- --
_ J_ 1 1 - - 1- '--'-Birdsfoot trefoil I 4 4 
=t= 1 
~-----Big trefoil 4 , 4 
-1-1--1-- --,- - 3 1 Yellow sweet clover I 2 
-
White sweet clover , 2 1 I · , 3 -1-1--1-
The seed was broadcast April 24, 1943, in plots 13 x 16 feet , replicated 3 times . 
Table 11. Yields per year from the 25 mixtures of experiment B, and the 
(-year mean yields 
Tons green weight per acre 
Mix. 194-( 1945 1946 1947 Mean 
3 5.15 8.78 10.53 8.33 8.20 
19 8.64- 5.55 7.83 10.32 8.11 
6 5.53 10.08 8.45 8.07 8.03 
17 8.86 8.26 7.37 5.58 7.54-
13 5.27 6.39 9.31 9.02 7.51 
20 7.30 8.59 6.92 5.94- 7.20 
2 5.15 6.27 8.09 8.57 7.02 
10 5.86 5.65 9.12 7.13 6.95 
24 7.78 6.46 6.63 6.58 6.88 
21 7.75 6.46 6.65 6.37 6.83 
18 7.30 6.80 7.06 5.72 6.73 
8 4.95 3.78 9.33 7.49 6.39 
25 7.30 6.20 6.29 5.60 6.37 
11 5.74 7.95 6.56 4.95 6.32 
16 6.65 5.22 7.25 5.12 6.15 
15 7.37 6.08 6.15 4.86 6.13 
5 5.65 7.23 5.74 5.B4 6.12 
4 6.29 4.40 5.98 5.91 5.65 
14 5.55 4.12 8.28 6.15 5.57 
23 4.43 4.88 6.08 6.58 5.50 
12 4.21 4.79 7.18 4.95 5.29 
1 .(.31 4.67 6.25 5.74 5.24 
22 6.81 4.55 5.39 5.05 5.22 
7 4.91 4.86 5.B4 5.15 5.19 
9 3.52 4.83 4.60 4.33 4.32 
----------------------------------------------------------------------------------
Sig. dill. 
1 % level 2.85 4.00 3.53 3.54 2.15 
Mean yield 
per year 6.09 6.11 7.16 6.37 6.42 
Date of last 
clipping 9/5 9/10 8 / 6 9/22 9 / 2 
The 3 replications of each mixture were sampled 3 times a year 1944-46 and 4 times in 
1947. 
stantially to yield on this class of 
land, but the choice of suitable high 
yielding short-lived grass to offset it 
is less sure. Tall oat is considered 
unsuited to wet lands. Perennial rye-
grass has been unimpressive in all 
instances. Italian ryegrass has been 
equally unimpressive. Common mea-
dow fescue might serve this purpose 
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since it frequently behaves as a short-
lived perennial. 
It is apparent that much more work 
will be necessary before specific rec-
ommendations can be made for till-
able land too wet for alfalfa. Under 
the conditions of this study both reed 
canary and strawberry clover were 
highly palatable. 
Discussion 
Green versus dry weights 
Recommended procedure in pas-
ture investigation always includes re-
porting yields on a dry-weight basis 
(Pasture and range research tech-
niques, 1952). Dry-weight yields are 
undoubtedly to be preferred. How-
ever in this study during 1944-46, 591 
plots were sampled 3 times each year; 
during 1947-49 there were 600 plots 
which were sampled 4 times each year. 
An exceptionally efficient system had 
been developed for taking green-
weight yields, but the bulk and num-
ber of plots precluded the possibility 
of drying the entire mowed swath. 
On various occasions dry-weight 
yields were determined from samples 
from the mowed swath, and the rela-
tion between green aJad dry yields 
has been presented in table 1 and 
figure 1. Considering the facilities 
available, the limitations of small 
samples, and the rather close agree-
ment between green and dry weights, 
the use of green weights in this study 
is not regarded as an important 
source of error. In fact, the error in-
volved in basing yield on dry weight 
of a sample might be as great as that 
resulting from the use of the total 
green weight. 
One-year pastures 
Because of the high first-season pro-
ductivity of tall oatgrass (figure 7) and 
red clover (figure 5) these two spe -:: -
ies are recommended for a one-year 
pasture in situations where such a 
pasture is desirable. Established with 
barley taken through to grain, grazed 
once after the removal of the barley 
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and throughout the following season, 
and then turned under, this pair of 
species will produce high forage 
yields and contribute considerable 
organic matter to the soil. Thus, the 
benefits to the land of pasture, now 
generally recognized, can be brought 
to bear even under situations where 
specialized farming operations pro-
hibit putting the land to pasture or 
alfalfa for several years, in keeping 
with older concepts of crop rotation. 
If grazing animals are not available 
this mixture can be made into hay, 
with a somewhat lesser benefit to the 
land. 
Pasture establishment 
In the establishment of experi-
ments A, B, and C in 1943 pasture 
seeds were broadcast on the surface 
after which the companion crop of 
barley was drilled. Nothing was done 
to compact the seedbed after drilling. 
The soil was disturbed enough by 
drilling to cover most of the pasture 
seeds but the seedbed was left too 
loose. Had subsequent weather not 
been cool, with considerable precipi-
tation, the pasture seeding might well 
have been less satisfactory. However, 
the cool weather caused the barley 
to stool out heavily, so that competi-
tion from it was evident. The barley 
was taken through to grain. When 
the barley had been removed some 
of the pasture mixtures, chiefly those 
containing Kentucky bluegrass and a 
clover, showed poor stands. How-
ever, by the end of the first grazing 
season ( 1944) all plots had good 
stands. The method used to establish 
these plots was, in general, more se-
vere on Kentucky bluegress than on 
the larger seeded species, but its 
ability to spread fully compensated 
for this. 
Beginning with experiment D in 
1946 the barley was either drilled 
first, and the pasture mixtures broad-
cast later, or the barley and a single 
pasture mixture for the field were 
mixed and drilled in one operation. 
The land was cultipacked after each 
seeding operation. A seedbed has 
been worked to satisfactory firmness 
for pasture when a horse leaves a 
shoe mark on the surface, not down in 
a hole, or when a tractor tire leaves 
tread marks on the surface, not in a 
rut. There is little liklihood that a 
seedbed for pasture will be made too 
firm if the soil is in the proper condi-
tion to be worked. 
Although in these studies no experi-
ments were conducted to determine 
how best to establish irrigated pas-
tures, experience through a number 
of seasons prompts some suggestions 
which have led to successful estab-
lishment of pastures on the Dairy Ex-
perimental Farm and elsewhere 
(table 12). 
Following the methods recommend-
ed in table 12 will insure good estab-
lishment of pasture grasses and le-
gumes on well-drained irrigated land, 
with the exception of reed canary. 
Experience with this grass in mixture 
with more aggressive species suggests 
that it requires special consideration. 
McKenzie et al. (1946) report good 
emergence of this species in a loam 
soil from seeding at 2 inches. They 
observed that reed was relatively 
slow to germinate. 
If moisture is the limiting factor in 
getting good stands of reed canary, 
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deeper seeding, up to 2 inches, would 
appear to offer a possible solution. 
In order to explore this possibility 
reed canary was drilled in 4 strips at a 
depth of 1% to 1% inches on April 15, 
1954. This seeding was superimposed 
on a seeding of mixture 7 drilled at 
% inch. During 1955 three harvests 
were made of eight replications in 
each of the four strips and directly 
adjacent in mixture 7. If the mean 
of mixture 7 plots for each harvest 
is taken as 100, the reed canary plots 
yielded 98.2, 108.8, and 110.8 percent, 
respectively, for the three harvests. 
Stands of reed canary as seeded in 
this study appear to be better than in 
earlier (shallow) seedings. Addition-
al experience will be necessary before 
this practice becomes an established 
recommendation. Should it prove 
successful, the reed could be mixed 
with the barley, and the pasture mix-
ture drilled later, at a shallower 
depth. 
Species behavior 
Under the conditions of this study 
Ranger alfalfa persisted in experi-
ment D through the ninth grazing 
season, although its contribution to 
yield had diminished. Tall fescue 
came to dominate,. all plots., ll .. which 
it was a component. This required 
only 2 years in experiment A, but 
nearly 8 years in experiment D where 
conditions were more favorable for 
the establishment of nearly all species. 
In simple mixtures where either 
brome or alsike clover was a com-
ponent, or where reed canary had giv-
en only a scattered stand, there was 
invasion of grasses, clovers, and 
dandelions ( Taraxacum officinale) . 
Table 12. Suggestions for establishing a pasture on irrigated land 
1. Obtain only high quality seed. Only certified ladino clover is likely to be ladino. 
It may cost more, but is worth it. 
2. Plant early in the spring, on a firm, well prepared, and well fertilized seedbed. 
3. Use a cereal companion crop, preferably barley, at not to exceed 50 pounds per 
acre. The companion crop will control weeds and yield a good cash return. 
4. Cover the pasture seeds with about a half inch of soil. Drilling is superior to 
broadcasting. After seeding, firm the seedbed with a cultipacker. Remember 
that a too loose seedbed is the most common cause of poor stands of pasture; 
placing the pasture seeds either too deep or too near the surface is also a common 
cause of poor stands, or failure. 
5. Irrigate at regular intervals while the companion crop is growing, and again as 
soon as it has been removed. Irrigate to meet the needs of the pasture mixture 
rather than of the companion crop. 
There was no indication of invasion 
of non-seeded species into complex 
mixtures when red clover and tall oat 
dropped out. Much remains to be 
learned about the complex problems 
of species interactions in pasture mix-
tures, and the influence on these in-
teractions of the environment and 
management practices. Management 
is of tremendous importance as evi-
denced by the fact that the best mix-
tures reported here would rather 
quickly revert to Kentucky bluegrass 
and white clover under close, con-
tinuous grazing. Environment is per-
haps equally important in altering 
the relative adaptation of species. 
Bloat 
Mixtures containing the highest 
percentage legumes yield highest. 
But legumes in the pasture should not 
average for the season more than 50 
to 60 percent of the forage on a green-
weight basis or there may be danger 
of bloat. Whenever the percentage 
of legumes is greater than this, the 
pastures should be grazed with care 
and the cows observed frequently. 
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Allowing the plants to become more 
mature, which increases their fiber 
content, is believed to reduce the 
chance of bloat. Cows should never 
be allowed the run of a large pasture 
when there is an abundance of suc-
culent palatable legumes. These will 
be selected out, leaving the grass for 
later grazing, and bloat can be ex-
pected. Where the area to be grazed 
is limited, the herd will take the 
grasses with the legumes and the 
bloat hazard is not so great. Because 
of the accumulation of factors which 
favor bloat late in the grazing season 
it is at that time that dairymen are 
urged to exercise particularly careful 
management. 
Irrigation 
Frequent light applications of ir-
rigation water are better than heavier, 
less frequent applications for pas-
tures. Ladino clover, being shallow 
rooted, will not persist in pastures 
where irrigations are not fairly fre-
quent. During this study pastures 
were irrigated 5 to 7 times a season. 
In one 5-year period the average 
number of days between the 7 appli-
cations was 26, 18, 13, 19, 17, and 18, 
from the first to the last, respectively, 
with an average of 3 to 4 inches of 
water per irrigation. This requires 
pushing the water over the field as 
fast as possible. After a pasture has 
been grazed it should be irrigated as 
soon as possible, but never with cat-
tle in it. 
Maintaining the productivity 
of irrigated pastures 
Once a pasture consisting of high 
yielding, palatable species has been 
established, it should be capable of 
high production through a number of 
seasons. The pastures of the Dairy 
Experimental Farm were grazed by a 
herd averaging approximately 10,900 
pounds 4 percent fat corrected milk 
(FCM) per cow year. Milk produc-
tion from experiment D for 9 years 
averaged 7277 pounds 4 percent FCM 
per acre; production in the ninth year 
was higher than any of the first five 
years. 
Experiment E consisted of 5.67 
acres seeded to mixture 7 in 1950. 
This pasture produced at a uniformly 
high level, averaging 8044 pounds 4 
percent FCM per acre for the 5-year 
period 1951-55. 
These pastures received adequate 
and properly spaced irrigations and 
applications of manure and phosphate 
fertilizer, and the forage was al-
lowed to make a good recovery be-
tween grazings. Management of the 
grazing herd has involved rotation or 
strip grazing. 
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Common and Scientific Names of Pasture Plants 
Astoria bent 
Barley 
Corn 
Creeping red fescue 
Italian rye 
Kentucky blue 
Meadow fescue 
Meadow foxtail 
Orchard 
Perennial rye 
Red top 
Reed canary 
Smooth brome 
Tall fescue 
Tall oat 
Timothy 
Alfalfa (Ranger) 
Alsike c!over 
Big trefoil 
Birdsfoot trefoil 
Ladino white clover 
Red clover 
Strawberry clover 
White clover 
White sweetclover 
Yellow sweetclover 
GRASSES 
Agrostis tenuis 
Hordeum vulgare 
Zea mays 
F estuca rubra 
Lolium multiflorum 
Poa pratensis 
F estuca elatior 
Alopecurus pratensis 
Dactylis glomerata 
Lolium perenne 
Agrostis alba 
Phalaris arundinacea 
Bromus inermis 
F estuca arundinacea 
Arrhenatherum elatius 
P hleum pratense 
LEGUMES 
Medicago sative var. media 
Trifolium hybridum 
Lotus uliginosis 
Lotus corniculatus 
Trifolium repens 
Trifolium pratense 
Trifolium fragiferum 
Trifolium rep ens 
M elilotus alba 
M eli lotus officina lis 
The degree of use and the behavior under grazing of some of the mixtures 
of experiments A, B, and C are illustrated in figures 14 to 30. These photographs 
were taken at the time of the fourth grazing during the second year. The pictures 
before grazing were taken September 5 when the cows were turned in and those 
after grazing on September 13, 1945. Although seasonal and yearly variations 
occurred, the behavior of long lived species throughout the study is well illustrated 
by these pictures 
43 
Fig. 14. Ladino clover, which occurred in 38 mixtures in experiments A and D, main-
tained a satisfactory stand throughout the tests. The hig'h palatability and degree 
of use of ladino are shown at the fourth grazing during the second year of experi-
ment A . With a high degree of u e four time each year and allowing the pasture 
Fig. 15. Mixture 3, orchard with ladino. Balanced mixtures with legumes making 
up 50 to 60 percent of the mixture are desirable. This balance has been maintained in 
a grazed pa ture in experiment D for as long as 9 years. The pastures were grazed 
4 to 5 times each year. Important to maintaining this balance i the application of 
approximately 10 tons of manure and 200 pounds of treble sU)l'erpho phate per acre 
every second to third year and permitting the plants to make good recovery between 
Fig. 16. Plots of brome with ladino were among the first to be grazed. A few hours 
after the herd beg-an to graze a significant amount of forage of this mixture had been 
consumed while some other mixtures showed no evidence of grazing. Brome-Iadino 
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to recover between each grazing, sati factory stand of all the long lived pecies 
were maintained. Ladino wa significantly uperior to white clover in yield through-
out the experiment (fig. 6) 
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each grazing. Orchard with ladino was well utilized. However, parts of the stems 
of orchard are not grazed if the plants are in head. Orchard and ladino maintained 
a better balance of grass to legumes than did brome and ladino. This is probably 
because orchard is not as palatable as brome and is not grazed quite so close becau e 
it develops a compact crown in contrast to the loose sodded brome 
plots were grazed clo e because of their high palatability. With this clo e grazing 
brome did not maintain a stand; ladino became dominant and produced a high per-
centage of the forage 
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Fig. 17. Even though ladino, a mo t palatable species, is abundant in the tall fescue-
ladino mixture, the mixture ha been poorly utilized by the grazing animals. This 
is because of the unpalatability of tall fescue in any stage of growth. By the end 
of the second year of experiment A and the eighth year of experiment D, tall fe cue 
was the dominant pecies in all mixtures of which it was a component. Even though 
Fig. 18. Tall fescue was the least palatable species in mixture 22, which included 
orchard, smooth brome, tall meadow oatgras , alfalfa, red and ladino clover. By 
the end of the second grazing eason in experiment A and the eighth year in D, fe cue 
had so dominated this mixture that the forage was poorly u ed. By the end of the 
Fig. 19. After seeding experiments A, B, and C, the borders were seeded with a mix-
ture of grasses and legumes to which a liberal amount of tall fescue was added. At 
the time of the fourth grazing of the second year, tall fescue had dominated these 
border areas and palatability of the forage was low. With an abundance of green 
forage left in the borders and in the unpalatable plots, after the more palatable 
species had been grazed out, milk production droppoed rapidly. When the cows were 
turned to a new pasture where palatable species of the mixture were abundant and 
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the pa ture were mowed a close as possible at the close of each grazing and the 
clipped forage removed, a high percentage of the forage in all fescue plots was on 
the ground at the clo e of the next grazing period 
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6 and 9 year seasons the six palatable species had been reduced to such an extent that 
they did not contribute significantly to yield or palatability of the mixture 
grazed eagerly, there was a rise in milk production. Clipping the borders after each 
grazing did not greatly improve the acceptability to the grazing animals. No pasture 
mixture having tall fescue as one of its components, regardless of season or stage of 
growth, was rated preferred grazing by the lactating dairy cow. With each suc-
ceeding pasture season, selective grazing of the more palatable mixtures became 
more evident. As tall fescue became more abundant, use decreased 
Fig. 20. By the end of the econd grazing 
from the mixture re ulting in nearly pur'e 
eason meadow fescue had di appeared 
tands of ladino. Meadow fescue con-
Fig. 21. Ranger alfalfa contributed significantly to the yield in all mixtures of which 
it was a component. When alfalfa was grazed at an early stage of growth, it 
Fig. 22. trawberry clover with Kentucky bluegras made a den er growth and 
better sward than did different strains of white clover'. .It also yielded better. The 
6 '6 6 .- --..........: 
tributed significantly to yield the first grazing eason. The high palatability of 
ladino is shown by the degree to which it ha been grazed 
was used better than when grazed at the bud stage or later 
data indicate that strawberry clover is equal to white clover on well drained land 
Fig. 23. White clover from several sources was grown in combination with Kentucky 
bluegrass. As shown in this photograph, the Idaho strain of white clover and blue-
grass have not made a dense turf. Dandelion are abundant and production is low. 
Fig. 24. Yields of perennial ryegrass were low when the grass was combined with 
one of several legumes. Ryegrass was low in palatability and poorly used, unless 
the mixture wa dominated by legumes and palatable gra ses. Legumes did not 
Fig. 25 At the end of the second year of grazing, red clover was not contributing 
significantly to the yield of any mixture of which it was a component. Red clover 
was less palatable than ladino, white, alsike, or strawberry clover. Plots of red 
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Strawberry clover yield were equal to those of any strains of white clover tried 
in this tudy 
e tablish them elves as atisfactorily when planted with perennial rye as when 
planted with more desirable grasse 
clover with smooth brome were not grazed as readily, or to the arne degree, as were 
plots in which ladino replaced red clover. The firs t year when red clover was most 
abundant during two different grazings, the blossoms were still on the red clover 
when plots of ladino with orchard or brome had been heavily u ed 
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Fig. 26. Tall oatgrass when seeded with the basic legume mixture in experiments 
C and D gave satisfactory stands and exceptionally high production the first grazing 
season with less significant contribution the second year. Tall oat is the only high 
producing palatable gra included in this tudy capable of maintaining a sati factory 
Fig. 27. Reed canarygrass, when added to the basic legume mixture, contributed 
Fig. 28. Reed canarygrass and strawberry clover seeded in the wet part of the pasture 
yielded highest of the mixtures tested. Reed canary made a vigorous growth with a 
dense stand of strawberry clover at its base. Reed canary, giant of the grasses, was 
readily grazed and has great capacity for growth when properly fertilized. Once 
propO'rtiO'n of grass in mixtures including red clO'ver. Tall O'at maintained palatability 
when relatively mature and was readily grazed even when headed O'ut 
significantly to' yield and was well used 
established it has wide range O'f adaptability frO'm wet to' dry areas. Its pO'tential fO'r 
increasing yield is prO'bably greater than that O'f any O'ther grass studied. MethO'd 
O'f seeding, amO'unt O'f fertility, and time O'f grazing require further study 
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Fig. 29. The capacity for recovery by reed canary with high fertility is shown in this 
picture. Where the grass is fertilized with urine from the grazing animal the 
growth is two and a half times greater than the surrounding area. The high use 
and palatability of the forage is shown by the after grazing illustration. The 
• 
Fig. 30. Mixture 26, the generally recommended mixture at the time these studies 
abundant growth indicates the high potential of reed canary when heavily fertilized. 
All of the grasses studied respond to urine when it wa depo ited on the sward but 
none to the same degree as reed canary 
were started, wa found to be low yielding and only moderately palatable 
